Evidence for a role of hyaluronan in the spacing of fibrils within collagen bundles in rabbit synovium.
Synovial hydraulic resistance is vital for the retention of intra-articular fluid, and originates within the matrix of biopolymers in the intercellular gaps. Specific digestion of hyaluronan resulted in a increase in synovial hydraulic permeability from 0.478+/-0.24 microl min(-1) cm H(2)O(-1) in control tissue to 4.561+/-0.40 microl min(-1) cm H(2)O(-1) (mean+/-S.D., n=6 rabbits, P<0.001 t test). To investigate whether hyaluronidase also altered the interstitial ultrastructure, morphometry of hyaluronidase treated synovium was carried out. The most striking novel finding was that hyaluronidase treatment reduced extrafibrillar volume fraction within the synovial collagen bundles from 50.5+/-11.1% to 36.8+/-15.5% (mean+/-S.D., n=6 rabbits, P<0.001, two-way anova). This was accompanied by a reduction in interfibrillar centre to centre spacing from 101+/-11 (control) to 84+/-6 nm (mean+/-S.D.; n=6 rabbits, P<0.001) in enzyme-treated bundles. Individual fibrils showed a small but highly significant reduction in cross-sectional diameter from 76.9+/-6.3 to 72.5+/-6.3 nm (mean+/-S.E.; P<0.001) after hyaluronidase treatment. The findings indicate that hyaluronan chains have a major organisational role within the collagen bundle itself. The trans-synovial pathway comprises bundles and substantial areas of intervening, bundle-free matrix, and it is possible that bundle collapse contributes to a rise in overall permeability by increasing the inter-bundle space.